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PREFACE
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INrRODUCTION

The concepr of using trace gas detection to locate military explosives and emplaeed mines has

been under investigation for several years.' ' ' *"' " . The usefulness of this approach depends

on the ability to detect signature vapors close to their source. Many investigations n the past

have sought detailed characterization o. the compositiom of solid explosive matezials. Althcugh this

itiformation is potentially useful, it is not p:actical to predict the composition of tho vapor arising

from the solid strictly from this type o1 daca alone. Volatie impurities which are present at low

!evels in the solid explosive may contribute significaatly to the composition of the vapor. Since it

is the vapor whieh is potentially useful for detection, information concerning the composition of this

effluent is important.

In an earlier study.' cyclohexanone was iden.ified as a major constituent of the vapor evolved

from the solid military explosive composition B. Cyclohexanone is not a component of tie explosive

itself but is rather a solvent used in the recrystallization of cy5clonite (cyclotrimethylene-trinitra-

mine) a major ctmponent of composition B.' The purpose of this study was to determine whether

cyclohexanoe. as weil as other components of the explosive and mine hardware, could be detected

in the vapor evolving from intact mines filled with military explosives.

MATERIALS AND METHODS

Sample collection procedue

Four representativ., types of military mines Tore selected for study. This group included

metallic and nonmetalli-c antitank and antlpersonnei mines. The chosen group also represented a

variety of military explosives including composition B. tetryl, and ThT. Three mines of each type.

wi.hout fuses, were placed individually in 27 x 27-in. (68.6 , 68.6-cm) polyethylene glove bags

(Table I). The opening to cacb bag was folded and sealed with tape. A /--in. (0.63-cm) Swagelok

connectom was provided for sample removal. The bags were flushed for about ten minutes and then

iPnlated with 30 liters of zero grade air.* For reference purposes, two empty hags pto tmnes) and

bags containing one inert mine of each type were also prepared. Tue plas':ic bags were stored at

ro&.n tetpc-rature in covered Nalgene containers (Fig. 1-4) in an explosive siorage m•agazine at

MERDC.

1pero grade anr contam;s less Lt.an 2 ppm of total hydrocarbon impurities.
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Figure 1. M15 mntailic antitank mine prepared for sample collection.

'4 -

Figure 2. M19 nonmetallic arniwnk mine pie pared for sample c;Iliectzon.
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Figure 3. M14 nonmetallic antipersonnel mine prepared for sample collection.

.- ,x

Figvre 4. MIS metallic sunspersonrsel mine prepared for sample collection,.
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Table 1. Description of mines.

Mine Type* Explosive Lot no. Date loaded

M1 AT, M Comp B LOP-14-14 1953
MI5 AT. M Comp B LOP-14-80 1953
M-S AT. M Comp B RVA 16-1 1953

M19 AT. NM Comp B LOD-b00-I 1967
M19 AT. NU Comp B LOD-500-1 1967
U19 AT, NM Comp B LOD-500-1 1967

M14 AP. NM Tetryl (102) LOP-15-56 1953
M14 AP, NM Tetryl (102) LOP-15-56 1953
M14 AP. NM Tetryl (102) LOP-&5-56 1953

M16 AP. M TNT PA 27-4. 1954
M16 AP, M TNT PA 27-4 1954
M16 AP, M TNT PA 27-4 1954

M 19 AT (inert), NM None PASR-20-57 1958
M14 AP (inert). NM None 3A-2-64 1964
M15 -- (inert). U None Unknowi. Unlkown

116 A P (mt.). M None Unknown Uznknown
*M = metallic

NM =nonmetallic
AP -, antipersonnel
AT = antitank

One month later, a complete set of preliminary samples was collected by drawing 30 liters of
air from each bag through specially constructed Chromosorh 102 collection tubes' '(Fig. 5) at 2
liters/min with a portable vacuum pump. The collection tubes were then sealed and returned to the
laboratory at CRREL for analysis. The bags were reinflated with acro grade air to allow further
sampling at z later date.

The collection tubes (Fig. 5) were constructed in the following manner. Four inches (10.2 cm)
of %-in. (1.9-cm) OD stainless steel t ubng was packed with 5 g of 60-80 raesh Chromosorb 102.
The packing was held in place by two 100-120 mesh stainless steel screens, one of which ww*s
spring ioaded to reduce the possibility of channeling. The e..ds of ths tubes were reduced to %i-in.
i3.2 mm) OD by end caps which had been heliarc welded in place. The O-in. 00 tubing was
equipped with Swagelok tube fittings at both ends, providing a seal to prevent contamination. The
collection tubes were prepared prior to sampling by oaklig for four days at 2•0OC while purging with
zero grade nitrogen at a flow of 50 nl/min. The bakeout waz then conlinued for arn additional two
"days at 1000C with a molecular sieve trap cooled with liquid nitrogen installed in ,he purge gas
"line. The tubes were capped with Swagelok plugs ezcept during periods of sampling and analysiz.

The results from the preliminary analyses indicated possible contamination oi the samples with
impurities in the zero grade air used to inflate the bags. To correct for this, the bags were evacu-
ated, flushed and refilled with 30 liters of zero grade air which was purified using a %-in. Chromo-
sorb 104 trap cooled with dry ice. After another four-month period, a final complete set of samples
was collected for analysis by exhausting the air from the bags through Chromosorb 102 collection
tubes at a rate of 2 liters/min.
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figure 5. Chomosorb 102 "-oliection tube used to concentrate va,ors from mines.

Analytical p•ocedre

In the laboratory the sample collection tubes were attached to the iijerticn port of either a
Perkin-Elmer 270 gas chromatograph/mass spectrometer (CC/MS) oc to a Perkin-Elmer 900 gas
chromatograph (GC). The injection ports of both instruments were modified as shown in Figtre 6
to allow for direct transfer of the samples from the collection tubes. A block diagram of the GC/MS
analytical system is shown in Figure 7. Regardless of the analytical instrument used, the tubes
were first flushed in the direction of sample collection with zero grade helium' (50 ml/min for 30
minutes at 23WC) which removes air. carbon dioxide, water, and most of the low molecular weight
hydrocarbons up to n-butane (Fig. 6a). The unattached end of the collection tube was tl'en con-
nected with Teflon tubing to a two-way valve on the helium supply. With the valve configured for
helium flow to bypass the collection tube direct to the GC column, the CC column was precondi-

tioned at 150PC for 15 minutes. The GC oven was then cooled to -75'C. and the two-way valve
positioned to cause helium to flow (50 ml/min) through the collector tube befcce entering the GC
column (Fig. 6b). The collection tube was subsequently heated to 120"C for one hour during which
time trapped components were backfilushed from the collection tube and concentrated on the head of
the GC column. (Previous studies httve indicated a transfer efficiency of greater than 80% under
these conditions for compounds up to ntd including cyclohexanone.) After the 1-hour transfer
period, the two-way valve was repositiont.. so that helium again flowed directly through the CC
column (Fig. 6c). The flow rate was reduced to 25 ml/min. The analytical proced,:e depended on
te type of GC column used, either a 9-ft (2.75-m) Durapak column (Catbowax 400 chemically bond-
ed to Porasil C) or a 3-ft (0.92-m) DC-200 colwan (1.5% DC-200 on Anakrc•m ABS). For the sample
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Gas
Chromotogroph

Two-way

Flow Open Open Closed

Meter Ctldin1Oe
F Meter j] SmI e

U Tube . I(22C)ro

HVium Wit

a Flushing sample b. Sample elution c. Sample anolysis

Figure 6. Modificatien of gas chroma;ograph injection port for use with collection tube.

Figure 7. Block diagram of GCIMS analytical system.

analyses on Duxapak. the GC oven was programmed from -750 C to 1500 C at 160/min. Using the
DC-200 column, the temperature was programmed from -75cC !o 2000 C .t 200/un. Effluent from

the column on the GC/MS was split 70!,, to the mass spectrometer and 30% to a flame ionization
detector. The flame ionization detector was used to quantify effluent peaks and to indica'e the
correct time for scans to be taken with the mass spectrometer. The mass spectra obtained were
used in conjunction with GC retention times as a means of identifying those peaks appearing on the
flamz itnization chromatogram. A PDP-12 laboratory computer was used for on-line acquisition.
processing and storage of mass spectral data.

The few samples r,. on the Perkin-Elmer W gas chromatograph were analyzed using an elec-
tron capture detector.

RESULTS AND DISCUSSION

During the preliminary chromatographic analyses, even the samples obtained from the empty
polyethylene bags showed several large peaks. Thus, it appeared that the zero grade air used
initially to 1ill the bags contained too high a level of organic contaminants to be used directly for
this type of work. To examine this possibility, a 30-liter sample was taken directly from the etro
grade air cylinder using one of the collection tubes. The chromatogram of this sample (Fig. 8b)
wa& obtained using a flane ionization detector. The numbers associated with the various peaks
refe. to the compounds listed in Table II. which were identified from mass spectra. The results
from this sample showed that zero pyade air would require further purification. In order to alleviate
this problem, the bags were evacuated, flushed, and refilled with zero grade air that had beei
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.6 a.

914j

8. -I64 ,2 .64

Fgr8.Chromatogramns of zero air taken with (a) and without (b)
pretrapping. Numbers refer to compounds li"sted in Table I!.

Table IL Coinpoads iI&Wied wift the emins pecibaosecr
for the oftatograi 3a~Wm in Figure 8-14.

1. COS 19. Thicbhoethv~e.-j

2. Propane C3 Hymrn 2D Acetone

S. Propee j21. ButnzaI

4. Isobutane 202. Heptane

5. N-Buaae 23. Toluene

6. Butene 4 yicros24. Metbylethylketone

7. Butadiene 25. Ethylbenzene

a. Isopentane 26. Uetbylisoproriylketne

9. N-Pentane L27. Xyiene

10. Pentene CcHyrabo-28. Styrene

11. Pentadiene I) P-0. Hexazione,

!2. Acetaidebyde 30. Ca Aromatic

13. Isobexane 31. C1.).14 Hfydrocarbon

14. N-Hexane ~.C6 Hydrocarbons 32. Unknown (207 + peak)

15. t~exene -33. Benzaldebyde
16 pwafa 34. Ethy~iatyirena

17. Bencane 35. Cyc3cdheimmoie

18. Itethykntloride 36. Water



8 ANALYSIS OF VAPORS EMITTED FROM MILITARY MINES

20

123

34

.532

Figure 9. Chromatogram of empty bag sample.

previously trapped with a Chromosorb 104 trap maintained at dry ice temperatuwe. Figure &a shows
a chromatogram obtained for a 30-liter sample of trapped zero grade air following this procedure.
Clearly, the level of background contamination was considerably reduced.

Even with this significant improvement in procedure, the chhromatograms obtained for tie final
sampling period were difficult to interpret. Figvre2 9-14 are representative c6omatogram.-obtained
using the flame ioni7ation detetor on the GC/MS for the various classes of sampies. It is evident
that all of the samples including the empty bag (Fig. 9, contained a large number of compounds.
Significant concentrations of C4 , C-, higher molecular weight hli)rocarbons. several arowatics in-
cluding benzene. toluene, xylene. styrene, and ethylstyrene. several oxygenated compounds such
as acetaldehyde, acetone, methylethylketone, and benzaldehyde. and several halogenated compounds
such as trichloroethylene show up as a relatively constant background in all types of samples. Some
of these compounds could have resulted from incomplete removal of ad&,rbed contaminants present
in the zero grade air used to fill the bags. Other compounds may have ctiginated from the poly-
ethylene bags themselves. Seeral of these compounds including a(,aldehyde, xylen.e. styrene,
ethylstyrene, and benzaldehyde have been founwl !,t be decomposition products of the Cbrosnosorb I2
used in the construction of the air sampling tubŽez. "van with this substantial number of background
chemicals, individual differences among the various tyes or PRMples from itiact mines and mine
casings w,-er• observed. The differences discussed below are these that have tieen found to be con-
sistei.' am.,ng replicates oe a given class of mines as wel. as ;or bcth ýbe preliminary and fiaal sets
of samples.

The most significant result of this study wai, the detection of cyclohexanone in the bags evm-
taining the M15 (metallic) and MI9 (nonmetalli-•) antitank mines. These were the only types or mines
stwdirA that were charged with composition Bl. in an earlite invest:ggation" cyclohexanone was
shown to be a significant constituent in tbe vapor evob.1.8vin from compositio- B. Cyclohexanone was
not detected in the vapor from any other type of mine nor in the vapor fram ine-t mine casings or in
the empty bags. Thus. vapors from t'e explosi-es are detertable outside of intact alnes. Cyclo-
hexanone was found in consistently higher concentrations in the bags containing the M15 (-1eatallic)
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1 2 33

.332
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~256
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Figure 10. Chromatograms of samples taken from bags containing M19 (a) and
N15 (bW antitank mines.

mines than in those containiug the M19 (nonmetallic) mines. The concentrations found were about
80 ppb (by volume) iu the nags containing the M15 mines and 5 ppb in those containing the. M19
wiznes Examples of the chromatograms obtained for vapors from these mines azv shown in Figrre 10.
Peak 35 in all cases represents the response of the detector to the cyclobexanowe found in the sam-
ple.

Althofgb a,-,eoe was found in all of the samples. substantially larger a.wmnts; Were consis-
tently observed in the bkgs containing the M19 mines and M19 casings (Fig. 10. 12). Acetone is.
therefore, probably evolving from thG materials used in constructior, cf M19 conmetallic casings.

-4
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24

2?

S"34.

22

.,b\

5?IU .r64l a.

Figure 11. Chrom'atograms of samples taken from bags containing M14 (a) and
M16 (b) antipersonnel mines.

Toluene, altbough also present in the background. was found at larger concentrations in the
V 9. 919 casing. M14. and M16 samples (Fig. 10-121. Th~e origin or .hiz, compound is unknown."

RP•a tively large concentrations of one unidentified ckA•)ound appeared in the sampleA from the
L,fgs containing the M19 andl MIS casings. We were unable to identify this component although it
gave a large mass s•pectral peak at m/e = MrT. Several laege molecular weight ions also seemed
to be associated with this caw n alt-hough its exact tuass spectrum could not be determined due
to interfestces 11om other sample components. Ibis species appears to be a silicon-containi~gcompotmd which is associated with the romnetallic casin used in the construction of the M19

S~mine.
Several samples were analyzed using an elecumo capture detec~tor. Because of the 11imited

number of sampies available, only those from M14 and M116 mines were iocluded. Due to the•
extreme sensit:,vity of this deteetor to electrongative compounds. t.he resultant clrov~ttograms cou-•,t-aiFed a large number of peaks. most of saie aere rot d igs ontaicng o samples from the
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I I
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Figure 12. Chromatograms of samples taken from bags containing M19 (a) and

M•IS (b) (inert) mines.

M16 mine, however. a peak was observed at a retention time exactly cmxespording to that of 2. 4.

6 trinitrotoluene. Although this peak was easily detectable using the. electron capture detector,

which has a detectior limit of about 10W'" g for 2. 4. 6 TNT. the level w-as far below that needed

for positive mass spectral identification. This compound did not appear in the sample from the

empty bag cc in the M14 sample, therefore. it is believed to be associated with the M16 mine.

Since the explosive used in the M16 is TNT, it is expected that this compound would be present

in the eadtted vapor. Althmigh. positive identification is clearly lacking, It is our feeling that

:• this peak indeed is 2 .4 .6 trin trotoluene. It is ,.mfortunate that additio cal sa mp~les from the two

types of mines containing compositiou B were not collectec: for analysis with the electron capture

detector. One of the major components of compo~sition- B is TNT and, •,-.there is also a

possibility of detecting" TNT in the. vapos from these mines.
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Ii

114II

28

a323

Figure 13. Chromatogram obtained sor sample from bag
containing MI6 (inert) mine.

b1

Sco•Za~i in !14 (te) i•

TImg-

Figure 14. Cfrnpatograu obtained for sample from bag
containing M14 (inert) mine.

_- A



ANALYSIS OF VAPORS EITTED PROM MILITARY MINES 13

LITERATURE C177.3

Anderson. D.M.. F.D. Kisitne and U.J. Shwartz (1969) Mass spectra of volatile constitu-
ents in military explosives. U.S. Artry Cold Regions Research and Engineering
Laboratory (USA CRS EL) Special Repcrt 105. AD 699825.

2. Chang. T.-L. (1971) Ide,-fie.-on of impurities it crude TNT by Tandem GCC-S
technique. Anal. Ctim. Acta, vol. 53, p. 445.

3. Coate., A.D., E. Fraedmarn and L.P. Kuhn (,970) Chp.racteristics of certwin military

explosives. Ballistic Ro.search Laboratory Report No. 1507.

4. Dravnieks, A., B.K. Krotoszynskl. J. Burton, A. O'Donell and T. Burgv-ld (1970) High
speed collection of organic vapors from the atmosphere. 7resented at Ilth
Conference in Methods iii Air Foliction and Industrial Hygiene Studies,

Berkeley. California. I April 1970.

5. Engineering design handbook: Explosive serie&, properties of explosives of ailitary
interest (1967). U.S. Army Materiel Command.

6. Jenkins. T.F., R.P. Murmrnitin and D.C. Legget: (In press) Mass spectra of the isomers
of trinitrotoluene. Journal of Chemical and Eagineering Data.

7. Leggett. D.C.. R.P. Murrmann. T.F. Jenkins and R. Barriera (1972) A rmetod for con-
centrating and determining trv.e (rganic compounds in tht; 2tmosphere. USA

CrRREL Special Report 176. AD 745125.

F% McKee, H.C. and H.P. Burchfild (1961) Task rnart on clathrate sn.ffez evaluation.
U.S. Army Engineer Re.search and Development Laboratory. Firt Belvoir.
Virginia.

9. Murrm'ann, R.P.. Y. Nakano. T.J. Simpson.., D.C. Legget: and D.A. Anderson {1971)
Influence of soil an detection of buried explosives and tunnels by trace ca.
anal.Mss. USA CRREL Research Report 288. AD 7727667.

10. Mirx'mann, R.P.. T.F. Jenkins aid D.C. Leggett (1971) Compositlon and masn spect•a
of impurities in milita-y grade TNT vapor. USA CRREL Special Repot 168.
AD 7_25474.

11. Nicholson, E.:. and T.S. Shilliday (1967) Brief review on vapors from explosives and
their detection. RACIC. Battelle Memorial Inst•'tite. Columbus. Ohio.

12. O'Reilly. W.F.. T.F. Jenkins. R.P. Murrcann and R. Bar-iera (1973) Exploratory
analysia of vapor i=purities from TNT. RDX. and Coup-B. USA CRREL
Special Rtport (in press).

1'o


